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Aim: To evaluate the risk factors / predictors of tooth loss in patients with periodontitis 
who underwent periodontal therapy and long-term periodontal maintenance (PM). 
Material & Methods: PUBMED, CENTRAL, EMBASE, Web of Science, LILACS 
and Google Scholar databases were searched until September 2020. Studies limited to 
periodontitis patients who underwent active periodontal therapy and followed a regular 
PM program with at least 5 years of follow-up were considered for inclusion. Studies 
were included if data on tooth loss during PM were reported. Random effects meta-
analyses of number of tooth loss per patient per year were conducted. 
Results: Thirty-six papers regarding thirty-three studies were included, with three 
prospective and 30 retrospective trials. Subgroup meta-analysis showed no difference 
between prospective and retrospective studies, with an average of 0.1 tooth loss per year 
per patient (p<0.001). Maxillary and molar teeth were more susceptible to be extracted 
during long-term PM. Baseline characteristics (smoking, diabetes mellitus, 
cardiovascular disease, being male, and teeth with furcation lesions) showed no 
significance as predictor of tooth loss through meta-regression. The percentage of tooth 
loss due to periodontal reasons ranged from 0.45% to 14.4%. Individual outcomes in 
each study evidenced different patient-related factors (age and smoking) and tooth-
related factors (i.e., tooth type and location) were associated with tooth loss during PM. 
All analyses showed complete homogeneity (I2=0%). 
Conclusion: Most patients undergoing long-term PM have not lost teeth. Long-term 
PM causes the loss of 1 tooth per patient every 10 years. Additional prospective trials 
may confirm these results. 











Objetivos: Avaliar os fatores de risco / preditivos para a perda de dentes em pacientes 
periodontais tratados e com uma manutenção periodontal de, pelo menos, 5 anos. 
Materiais e Métodos: A pesquisa foi realizada nas bases de dados PUBMED, 
CENTRAL, EMBASE, Web of Science, LILACS e Google Scholar com data de 
publicação até setembro de 2020. Apenas estudos que incluíram pacientes que 
realizaram terapia periodontal ativa e seguiram uma terapia periodontal de suporte 
(TPS) por um período mínimo de 5 anos de seguimento foram considerados elegíveis 
para esta revisão. Os estudos foram incluídos se reportassem dados sobre o número de 
dentes perdidos durante a TPS. Foi realizada meta-análise de incidência para o número 
de dentes perdidos por paciente por ano. 
Resultados: Trinta e seis artigos relativos a 33 estudos foram incluídos, 3 estudos 
prospetivos e 30 retrospetivos. A meta-análise de subgrupo revelou não existirem 
diferenças entre os estudos retrospetivos e prospetivos, com uma média de 0.1 dentes 
perdidos por paciente por ano (p<0.001). Os dentes superiores e os molares 
apresentaram maior risco de serem perdidos durante a TPS. Características como 
diabetes mellitus, doença cardiovascular, sexo, e dentes com lesão de furca não 
demonstraram valor preditivo significativo de perda dentária através de meta-regressão. 
A idade, hábitos tabágicos e fatores relacionados com o dente (tipo de dente e 
localização) foram associados com perda dentária durante a TPS. Todas as análises 
demonstraram homogeneidade completa (I2=0%). 
Conclusão: A maioria de pacientes que cumpriu um programa de TPS prolongada não 
perdeu qualquer dente. Em média, a TPS prolongada leva à perda de 1 dente por 
paciente a cada 10 anos. Estudos prospetivos adicionais poderão confirmar a 
consistência destes resultados. 
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Periodontal disease (PD) is a clinical entity that comprises a group of diseases affecting 
the periodontium (among which are gingivitis, periodontitis, necrotizing periodontal 
conditions, periodontitis as a manifestation of systemic disease, periodontal abscesses 
and endodontic-periodontal lesions) (Armitage, 1999; Caton et al., 2018; Lamont et al., 
2018). Specifically, periodontitis is one of the most prevalent oral conditions worldwide 
(Marcenes et al., 2013), and was responsible for an estimated loss of $154.06B in the 
United States of America and €158.64B in Europe, in 2018 (Botelho et al., 2021).  
Periodontitis is a chronic and inflammatory non-communicable disease, compromising 
the integrity of the periodontium, resulting in deep periodontal crevices (also known as 
periodontal pocket), attachment loss and alveolar bone loss (American Academy of 
Periodontology [AAP], 2001; De Wet et al., 2018; Hajishengallis, 2015; Highfield, 
2009; Weinmann, 1952). 
The existence of numerous classifications for periodontitis and clinical measures make 
the interpretation and homogeneity of epidemiological data complex (Lamont et al., 
2018). At a global scale, the Global Burden of Disease (1990-2010) ranked periodontitis 
as the sixth most prevalent disease (Kassebaum et al., 2014; Marcenes et al., 2013; 
Nazir, 2017). In Portugal, the Study of Periodontal Health in Almada-Seixal 
documented a 59.9% prevalence of periodontitis, with 46.2% of moderate-to-severe 
cases in the Southern Lisbon Metropolitan Area (Botelho et al., 2019). The prevalence 
of periodontitis is increased in men and age-dependent (Ebersole et al., 2016; Eke et al., 
2016). Also, the periodontal-systemic health link has been extensively researched in the 
past decades (Hajishengallis & Chavakis, 2021). 
To manage this condition, periodontal patients require a rigorous protocol of consults 
towards dental plaque removal via non-surgical and/or surgical approaches, called 
periodontal treatment (PT). Several clinical difficulties arise during PT (that will be 
introduced later), yet the lack of adherence proves to be the major challenge because 
this negligent behavior jeopardizes the success of PT and furthering this disease 
(Ramseier, Suvan, et al., 2015). 
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1.1. Clinical Manifestations 
The periodontium is comprised of soft and hard tissues (Darveau, 2010; Nibali, 2017). 
The space formed between the epithelial and teeth surface – designated as gingival 
sulcus – is surrounded by the gingival crevicular fluid (an osmotic capillary transudate 
containing leukocytes, antibodies, cytokines, oral bacteria, enzymes and tissue-
degradation products) (Darveau, 2010; Donos, 2017). The presence of an inflammatory 
exudate on the junctional epithelium is always present, revealing the existence of a 
subclinical inflammation signal, even in a physiological state (Brecx et al., 1987).  
The accumulation of dental plaque is inevitable, and mainly occurs at stagnant sites, 
where tooth brushing is ineffective (Marsh, 2004). Biofilm and bacteria can undermine 
the junctional epithelium resulting in further subgingival dissemination of bacteria 
(Donos, 2017). Thus, this physiological state can be disrupted by the presence of 
subgingival bacterial products that lead to the release of hosts’ inflammatory mediators 
(Hajishengallis, 2015). As a consequence, the connective tissue is destroyed along with 
gingival inflammation, deepening of gingival sulcus and creation of pathological 
periodontal pockets, allowing bacteria spread along the root surface (Nibali, 2017; Page 
& Kornman, 1997; Tonetti et al., 2018). 
Periodontitis is therefore characterized by the loss of supporting periodontal tissue, 
clinically seen as deep periodontal pockets, and may eventually lead to tooth loss if not 




Figure 1 | Schematic representation of periodontitis. Healthy periodontal insertion (left to the dotted 
white line) where tooth is supported by connective tissue and alveolar bone. Specialized junctional 
epithelium is connected to the tooth surface, covered by the oral epithelium. The space formed between 
the tooth and the epithelial surface is designated as sulcus and is filled with the gingival crevicular fluid. 
Local effects of periodontitis (right to the dotted white line) show a destruction of periodontal connective 
tissue and alveolar bone by the accumulation of pathogenic dental-plaque biofilm on tooth and tooth root 
surface, resulting in the most common cause for tooth loss. Original image. 
 
Beyond the local impact in the oral cavity, this local periodontal inflammatory reaction 
may trigger a bulk of systemic inflammatory responses (Hajishengallis & Lamont, 
2012). Periodontitis hence exerts its effect on other chronic conditions such as diabetes 
mellitus (Preshaw et al., 2012; Simpson et al., 2015), obesity and metabolic syndrome 
(Genco & Borgnakke, 2013), cardiovascular diseases (Muñoz Aguilera et al., 2020), 
cancer (Corbella et al., 2018), rheumatoid arthritis (Hussain et al., 2020) and adverse 
pregnancy outcomes (Sanz & Kornman, 2013). Also, periodontitis has been associated 
with polycystic ovary syndrome (Machado, Escalda, et al., 2020), bacterial vaginosis 
(Escalda et al., 2021), and more recently, with increased risk of complications from 
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1.2. Pathophysiology 
The dental plaque is a rich milieu, located at the gingival sulcus, with up to 500 
different bacterial species (Darveau, 2010). In the periodontium, the transition from 
health to disease occurs through a radical shift from a symbiotic (mostly of Gram-
positive facultative bacterial genera) to a dysbiotic microbial community (mainly 
anaerobic Gram-negative species) (Darveau, 2010; Hajishengallis, 2015; Marsh, 1994). 
This diversity may pose a clinical challenge for PT, being one among several reasons 
why conventional therapy is not entirely effective (Socransky & Haffajee, 2002). 
Histologically, the periodontium lacks a large mucous layer to prevent the contact 
between the microbial community and the epithelial cell surface. The junctional 
epithelium has desmosomes and gap junctions that contribute to its porosity, and in 
periodontitis an appropriate orchestrated response is needed against the dental plaque 
biofilm (Darveau, 2010; Meyle & Chapple, 2015). In this coordinated reaction, the  
expression of E-selectin, intercellular adhesion molecules and interleukin 8 (IL-8), 
promotes the passage of neutrophiles to the gingival crevice, where they form a barrier 
between the host tissue and the dental plaque biofilm (Darveau, 2010). 
Clinically, periodontitis is frequently associated with the progression of an instituted 
and untreated reversible gingivitis (Lang et al., 2009; Nibali, 2017). The biofilm 
accumulation favors the growth of particular bacterial species, such as Fusobacterium 
nucleatum or Porphyromonas gingivalis, capable of eliciting a more intense host 
response (Meyle & Chapple, 2015). As a consequence, a self-perpetuating cycle is 
established, where dysbiosis and inflammation underpin each other forming a positive 
feedback loop (Hajishengallis, 2015; Meyle & Chapple, 2015). 
A triad of oral anaerobic bacteria, Porphyromonas gingivalis, Treponema denticola and 
Tannarella forsythia (designated as the red complex), have been traditionally 
considered as the causal agent for periodontitis based on its virulence and robust 
association to worse periodontal states (Darveau, 2010; Hajishengallis, 2015). However, 
other complexes are involved in the periodontitis pathophysiology, where this condition 
results rather from a polymicrobial synergy and dysbiosis (Hajishengallis, 2015). 
Moreover, the pathogenic role of other microorganisms in periodontitis, such as viruses 
and amoebas is also emerging, either as primary agents of host immune cells or as co-
Introduction 
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infectors alongside with bacteria plotting to dysregulate host-defense system (Bao et al., 
2020; Meyle & Chapple, 2015). 
While bacteria play a primary role in the periodontal disease onset, risk factors (patient-
related factors) can impact the clinical presentation and progression of periodontitis 
(Heitz-Mayfield, 2005; Meyle & Chapple, 2015). 
 
1.3. Risk factors for periodontitis 
Several modifiable and non-modifiable risk factors have been suggested for 
periodontitis, and distinctive hallmarks may lead to different clinical manifestations 
(AlJehani, 2014; Genco & Borgnakke, 2013; Nazir, 2017; Stabholz et al., 2010; Van 
Dyke & Sheilesh, 2005).  
Dental plaque accumulation, the host immune system and specific destructive processes 
can jointly be considered periodontitis’ etiological factors, although neither microbial 
dysbiosis and dental plaque accumulation will solely develop periodontitis in prone 
hosts (Hajishengallis, 2015; Slots, 2017).  
Nevertheless, the host immune system plays an important role on the pathogenesis of 
periodontitis, not only is periodontitis associated with a dysregulated immune response, 
genetic predisposition can also influence periodontitis onset as most genes considered to 
be responsible for periodontitis are also linked with immune response (Ebersole et al., 
2016; Genco & Borgnakke, 2013; Hajishengallis, 2015; Stabholz et al., 2010; Van Dyke 
& Sheilesh, 2005).  
A widely studied example of host immune dysregulation and its effect on periodontitis 
is the diabetes mellitus link with periodontitis. The levels of IL-1, IL-6, prostaglandin 
E2 and tumor necrosis factor  (TNF-) are highly expressed in type 1 and 2 diabetes 
mellitus when compared with non-diabetic patients, resulting in higher tissue 
destruction and increasing the risk of periodontitis onset and progression (Genco & 
Borgnakke, 2013; Nascimento et al., 2018). Notwithstanding, PT revealed a positive 
impact on the metabolic control, reducing the Haemoglobin A1c levels and systemic 
inflammation (Baeza et al., 2020; D’Aiuto et al., 2018; Madianos & Koromantzos, 
2018). 
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Lifestyle habits, such as smoking, can also contribute to the dysregulation and increased 
risk for periodontitis onset and progression (Leite et al., 2018). Mechanistically, 
nicotine causes an increase in the TNF- levels present in crevicular fluid by patients’ 
macrophages contributing to connective tissue and periodontal bone destruction (Genco 
& Borgnakke, 2013). Also, the rise IL-1 and IL-6 levels lead to an increase bone 
resorption thru the upturn in the ratio between receptor activator of nuclear factor- 
ligand and its inhibitor osteoprotegerin (Leite et al., 2018). 
Furthermore, the dysregulation of the ubiquitin-proteosome system (UPS) is another 
conceivable factor for periodontitis, as the UPS exacerbation in the periodontium 
nurtures proteins destruction that can ultimately result in periodontium tissue 
destruction (Machado, Carvalho, et al., 2020). 
Other patient-related risk factors such as age, gender, obesity and metabolic syndrome, 
lifestyle habits (alcohol, oral hygiene), medication, stress, socioeconomic status and 
educational levels can contribute to dysregulate hosts immune system and increase the 
risk for periodontitis onset and progression (AlJehani, 2014; Eke et al., 2016; Genco & 
Borgnakke, 2013; Nazir, 2017; Stabholz et al., 2010).  
 
2. PERIODONTAL TREATMENT 
As presented, PT aims to eradicate the causal agents of periodontal disease to halt its 
progression and mitigate symptoms (Manresa et al., 2018). As well, PT serves to 
educate and guide patient’s behavior towards healthy periodontal lifestyle habits (De 
Wet et al., 2018; Graziani et al., 2017; Manresa et al., 2018; Slots, 2017). 
The clinical regimen of PT reveals to be effective and with good prognosis if early 
implemented (Renvert & Persson, 2016; Slots, 2017; Trombelli et al., 2015). 
Furthermore, oral health-related quality of life, an impactful patient-centered outcome 
(Fischer et al., 2020; Needleman et al., 2004), is deteriorated in periodontitis but is 
effectively restored after non-surgical PT (Botelho et al., 2020; Buset et al., 2016).  
Recently, Tonetti and Sanz (2019) proposed a new four-based steps algorithm to aid 
periodontal diagnosis method based on the new staging and grading of the 2018 case 
definition (Figure 2). Then, confirmed periodontal patients have to be informed about 
the diagnosis, risk factors, treatment alternatives and predicted risk and benefits 
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(including the option of not treating) as a key pre-requisite to initiate PT (Sanz et al., 
2020). 
 
Figure 2 | Algorithm for periodontal diagnosis. An algorithm proposed to aid periodontal diagnosis 
comprising 4 sequential steps, where (from left to right) the first step consist in identifying a potential 
patient with periodontitis, follow by the verification of periodontitis diagnosis. Thirdly, determine the 
stage of periodontitis and fourthly determine the grade of periodontitis (Tonetti & Sanz, 2019). 
A model for PT planning was suggested by Salvi et al. (2015) where four sequential 
phases of treatment should be progressively instituted, upon diagnosis of periodontitis 
(Figure 3). 
 
Figure 3 | Proposed model for the stages of PT. Proposed model for periodontal treatment, where different 
phases were gathered into a sequential procedure. Firstly, systemic phase aims to orientate patient behavior towards 
periodontal disease and eliminate or reduce the influence of systemic conditions. The second phase, called initial or 
cause-related phase, intent to reduce or eliminate calculus, supra- and subgingival biofilm. Corrective phase, the 
third, focuses on the non-responding areas from previous phase in a surgically approach. Finally, the PM phase, 
where periodontal stability is aimed, preventing the progression or reoccurrence of disease (Adapted from Salvi, 
Lindhe & Lang (2015)). 
Amid this proposed model, active PT (APT) comprises standard procedures that consist 
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related phase), with the use of adjunctive antimicrobials or surgical treatment if 
necessary (Step 3 - Corrective phase) (Loos & Needleman, 2020). This treatment 
modality is further introduced in the subsection 2.1. 
Other modalities of treatment can also be delivered in periodontitis cases, such as 
intensive PT (IPT), were a full-mouth disinfection protocol comprehending a 
subgingival debridement within 24 hours is performed (Quirynen et al., 1995). 
However, this modality causes a peak of serum IL-6, C-reactive protein and reactive 
oxide metabolites, as well as a decrease of soluble thrombomodulin that can affect 
negatively the systemic vascular endothelial function (D’Aiuto et al., 2010; Machado et 
al., 2021; Tonetti et al., 2007; Ushida et al., 2008). 
 
2.1. Active Periodontal Therapy 
To enable the patient to sustain its oral health APT aims to preserve teeth, to avoid 
disease reoccurrence, to decrease gingival inflammation, to reduce or eliminate 
deepened pockets and to restore periodontal attachment (Loos & Needleman, 2020; 
Pihlstrom, 1992). 
Several studies showed the effectiveness of APT in improving on periodontal clinical 
parameters, resulting in a reduction on the mean periodontal probing depth (PPD), 
average clinical attachment level, mean bleeding on probing and a reduction on tooth 
loss (Graetz et al., 2015, 2020; Graetz, Plaumann, et al., 2017; Graetz, Sälzer, et al., 
2017; Miller et al., 2017; Ramseier et al., 2019; Ramseier, Mirra, et al., 2015; Ravidà et 
al., 2019; Trombelli et al., 2015; Van der Weijden & Timmerman, 2002).  
Different treatment approaches can be applied within APT. Non-surgical PT (NSPT) 
consists of a subgingival debridement (manual and/or mechanic) with positive effects in 
both shallow (1-3 mm) and moderate pockets (4-6 mm) (Brayer et al., 1989; Caffesse et 
al., 1986; Cirino et al., 2019; Deas et al., 2016). However, not at sites/teeth respond 
equally to NSPT, as well as in deep pockets ( 6mm), thus surgical PT (SPT) can be a 
further alternative (Deas et al., 2016; Graziani et al., 2017). SPT was found to be 
equally efficiency as NSPT, although it was associated with higher risk of gingival 
recession (Cirino et al., 2019), and is usually considered the next clinical step when 
NSPT is not entirely effective as expected (Heitz-Mayfield & Lang, 2013; American 
Academy of Periodontology [AAP], 2011).  
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After the active stages of PT, a PM stage follows in order to adequately monitor the 
progression of periodontitis. 
 
2.2. Periodontal maintenance 
Periodontal maintenance (PM), formerly referred as supportive PT, comprehends a 
systematic personalized visit program according to the patient- and tooth-related factors 
(AAP, 2001; Lang & Tonetti, 2003). 
Maintenance procedures typically include a medical and dental history update, 
periodontal reevaluation, radiography review, removal of the bacterial flora from 
crevicular and pocket areas, scaling and root planing where indicated and, if necessary, 
polishing of the teeth and a reassessment of patient plaque control efficacy (AAP, 
2001).    
Additionally, PM aims to reduce the reoccurrence of periodontitis through periodic 
preventive interventions, as periodontal patients have a higher risk of future episodes of 
disease, usually affecting the same sites (Armitage & Xenoudi, 2016; Echeverría et al., 
1996; Fardal et al., 2004; Hirschfeld & Wasserman, 1978; Lang & Tonetti, 2003; 
Manresa et al., 2018; Tonetti et al., 1998, 2000; Wood et al., 1989). These objectives are 
reached by preventing the reoccurrence of periodontal disease in previously treated 
patients, tooth loss incidence and identifying and treating other oral conditions found in 
a timely way (American Academy of Periodontology [AAP], 1998; Manresa et al., 
2018). 
When assessing the effectiveness of PM, several studies demonstrate that frequent recall 
visits contributed to reducing tooth loss by patients over time, loss of periodontal 
support, clinical progression and the need of retreatment (Albuquerque et al., 2018; L. 
Chambrone et al., 2010; Goh et al., 2017; Kim et al., 2014; Miyamoto et al., 2010; Ng et 
al., 2011). In addition, tooth loss experience is prone to occur in a reduced group of 
high-risk patients (L. A. Chambrone & Chambrone, 2006). 
Time interval between PM recall visits should be determined taking into account the 
overall risk profile and the expected benefit for the patient (Lang & Tonetti, 2003; 
Manresa et al., 2018). This is based on multiple clinical conditions that should be 
collectively considered, thus attempting to predict periodontitis progression and tooth 
loss in treated patients (Lang & Tonetti, 2003; Lang et al., 2015; Manresa et al., 2018). 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
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The Periodontal Risk Assessment for patients in PM is based on six specific parameters 
defined by Lang and Tonetti (2003): “1) percentage of bleeding on probing, 2) 
prevalence of residual pockets greater than 4mm ( 5mm), 3) loss of teeth from a total 
of 28 teeth, 4) loss of periodontal support in relation to the patient’s age, 5) systemic 
and genetic conditions, and 6) environmental factors, such as smoking, each of these 
parameters is evaluated on a low, medium or high-risk scale”. The comprehensive 
analysis of the formed diagram will determine the individualized risk profile and 
establish the periodicity of PM visits (Lang & Tonetti, 2003).  
 
Figure 4 | Periodontal Risk Assessment diagram. This hexagonal diagram provides the patient’s risk for 
progression or reoccurrence of periodontitis. Each risk factor is represented in one vector of the diagram, and all risk 
factors must be assessed together. (Adapted from Lang, 2003). BOP – Bleeding on Probing; PD – Probing Depth; BL 
– Bone Loss; Syst. – Systemic; Gen – Genetic; Envir. – Environmental. 
 
The clinical outcomes achieved during PM appear to be influenced by patients-related 
factors, such as smoking and diabetes, and tooth-related factors, as the type of tooth and 
arch location (Albuquerque et al., 2018; Bäumer et al., 2011; L. Chambrone et al., 2010; 
L. A. Chambrone & Chambrone, 2006; Dannewitz et al., 2016; De Beule et al., 2017; 
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De Wet et al., 2018; Díaz-Faes et al., 2016; Fardal et al., 2016; Goh et al., 2017; 
Johansson et al., 2013; König et al., 2002; Miyamoto et al., 2010; Nibali et al., 2017, 
2018; Pretzl et al., 2018; Ravald & Johansson, 2012). Patient’s compliance trough PM 
programs is also an influential factor to PM efficacy as it is associated with less risk of 
tooth loss (Eickholz et al., 2008; Kim et al., 2014; Needleman et al., 2018). 
In 2010, L. Chambrone et al. (2010) showed that inadequate plaque control, age, 
gender, initial attachment loss, presence of furcation involvement, baseline tooth 
mobility and tobacco smoking were positively associated with tooth loss during PM (L. 
Chambrone et al., 2010). A more recent review analyzed twelve different predictors for 
tooth loss in periodontitis patients, categorized as patient-level (age, non-compliance, 
smoking, diabetes, IL-1 polymorphism) and tooth-level factors (bone loss, deep 
pockets, severe mobility, furcation involvement and molar teeth) that could contribute 
towards tooth loss during PM (Helal et al., 2019). 
 
2.3. Risk factors for tooth loss during PM 
From a clinical point of view, periodontal stability relies on a balanced symbiotic 
relationship between dental plaque and the host immune system (Lang & Tonetti, 
2003). Therefore, the diagnostic process must bear a continuous multilevel evaluation of 
the risk profile. Risk factors (patient-, tooth-, and site-related) can alter the path of PT as 
this should be considered to prevent the reoccurrence of periodontal disease progression 
(Lang & Tonetti, 2003). 
Regarding patient-related factors, patients’ compliance (Ravald & Johansson, 2012; 
Saminsky et al., 2015), prevalence of residual pockets >4 mm (De Beule et al., 2017), 
loss of periodontal support in relation to the patient’s age (Nibali et al., 2017, 2018), 
loss of teeth from a total of 28 teeth (Ravald & Johansson, 2012), smoking (Graetz, 
Plaumann, et al., 2017; Graetz, Sälzer, et al., 2017; Ravald & Johansson, 2012) and 
systemic conditions (L. Chambrone et al., 2010) were considered as predictors for tooth 
loss during PM. 
Other factors, such as tooth-related factors, must be taken into consideration, as can be 
associated with tooth loss. Tooth position in the arch (De Beule et al., 2017; Graetz et 
al., 2015; Graetz, Sälzer, et al., 2017), furcation involvement (Graetz et al., 2015; 
Graetz, Sälzer, et al., 2017; Johansson et al., 2013; Nibali et al., 2017, 2018), residual 
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bone support (Graetz et al., 2015; Graetz, Plaumann, et al., 2017; Miyamoto et al., 
2010; Nibali et al., 2018), tooth mobility (Ekuni et al., 2009; Graetz et al., 2015) and 
type of tooth (single or multi-rooted) can increase the risk of tooth loss during PM. 
Also, site-related factors, as probing depth, suppuration and bleeding on probing are 
also linked with gained risk for tooth loss (De Beule et al., 2017; Miyamoto et al., 2010; 
Seirafi et al., 2014). 
All in all, appraising the risk factors associated with tooth loss during PM still stands 





Therefore, we aimed to update the previous version of L. Chambrone et al. (2010) 
systematic review by revisiting potential predictors of tooth loss among patients who 
underwent APT and long-term PM. Thus, the following PECO(T) question was 
proposed to be answered: “What local and systemic risk factors are associated with 
tooth loss during long-term PM?”, with the following statements: 
• P (Population): Patients with periodontitis and local or systemic risk factors who 
suffer tooth loss 
• E (Exposure): Local or systemic risk factors 
• C (Comparison): Patients with periodontitis without local or systemic risk 
factors who suffer tooth loss 
• O (Outcomes): Tooth Loss 
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II. PREDICTORS OF TOOTH LOSS DURING LONG-TERM PERIODONTAL 
MAINTENANCE: AN UPDATED SYSTEMATIC REVIEW 
This chapter is adapted from: 
Carvalho, R., Botelho, J., Machado, V., Mascarenhas, P., Alcoforado, G., Mendes, J.J. 
and Chambrone, L. (2021), Predictors of tooth loss during long-term periodontal 
maintenance: An updated systematic review. J Clin Periodontol, 48: 1019-
1036. https://doi.org/10.1111/jcpe.13488 
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In the present systematic review, we aimed to identify predictors on tooth loss during 
long-term PM, updating the results of the original systematic review by L. Chambrone 
et al. (2010). Overall, each patient undergoing regular long-term PM may lose 0.1-0.2 
teeth per year. Although findings point to one tooth lost every ten years, most patients 
did not experience dental extractions during PM. This clinical event is restricted to a 
particular group of treated patients, as previously confirmed in the first version of this 
review (L. Chambrone et al., 2010). 
Foreseeing the onset and progression of periodontitis is pertinent when planning the 
course of PT (Helal et al., 2019). In this sense, several prediction models for these ends 
have been recently reviewed (Du et al., 2018), and a recent model has been validated for 
early tooth loss after periodontal diagnosis in the Egas Moniz Dental Clinic (Santos et 
al., 2021). 
Concerning such predictors, patient-related factors (age, gender, active smoking, and 
compliance with PM regiment) and tooth-related factors (tooth type, tooth location, 
baseline PPD, presence of furcation involvement and baseline mobility) were 
considered risk factors for tooth loss by individual studies (Albuquerque et al., 2018; L. 
A. Chambrone & Chambrone, 2006; Costa et al., 2014; De Beule et al., 2017; De Wet et 
al., 2018; Eickholz et al., 2008; Ekuni et al., 2009; Fardal et al., 2004; Graetz, Sälzer, et 
al., 2017; Graetz et al., 2011, 2015; Graetz, Plaumann, et al., 2017; Hirschfeld & 
Wasserman, 1978; Jansson & Lagervall, 2008; Johansson et al., 2013; Kim et al., 2014; 
König et al., 2002; Leininger et al., 2010; Matthews et al., 2001; McFall, 1982; 
McGuire, 1991; McLeod et al., 1997; Meyer-Bäumer et al., 2012; Miyamoto et al., 
2010; Ng et al., 2011; Nibali et al., 2017, 2018; Papantonopoulos, 2004; Pretzl et al., 
2008; Preus et al., 2017; Ravald & Johansson, 2012; Saminsky et al., 2015; Seirafi et 
al., 2014; Tsami et al., 2009; Wood et al., 1989). In line with previous studies (L. 
Chambrone et al., 2010; Helal et al., 2019), smoking was also confirmed as a risk factor, 
despite the variability data found in individual studies. Diabetes was further confirmed 
as a risk factor for tooth loss during PM from prospective trials data in the updated 
version. 
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Interestingly, the type of periodontitis (aggressive, chronic, undefined, or overall 
periodontitis) did not demonstrate significance with tooth loss. However, the number of 
studies regarding aggressive periodontitis was too small to reach a definitive 
conclusion. Hence, it was not possible to determine the real influence on tooth loss 
during PM considering the periodontitis progression. An updated classification scheme 
for periodontal and peri-implant diseases and conditions was developed by a joint 
commission of the American Academy of Periodontology and the European Federation 
of Periodontology in 2018, now allowing staging and grading of periodontitis 
(Armitage, 1999; Caton et al., 2018; Lamont et al., 2018). We emphasize that the 
“aggressive periodontitis” term was abandoned in this new case definition, and this may 
difficult the clarification of the type of periodontitis in tooth loss. Henceforth, we 
foresee reframing into the new staging and grading scheme regarding future studies on 
tooth loss. 
Also, molars were more prone to be lost during PM (L. A. Chambrone & Chambrone, 
2006; De Wet et al., 2018; Johansson et al., 2013; Miyamoto et al., 2010; Nibali et al., 
2017, 2018; Ravald & Johansson, 2012). These results can be explained due to 
anatomical and disease progression characteristics (Heitz-Mayfield, 2005; Heitz-
Mayfield et al., 2002; Huynh-Ba et al., 2009). Moreover, upper teeth demonstrated a 
higher risk of tooth loss (De Beule et al., 2017; De Wet et al., 2018; Tsami et al., 2009; 
Wood et al., 1989), being in line with previous evidence (L. Chambrone et al., 2010; 
Helal et al., 2019).  
Regarding the setting of practice, we did not find difference between private- and 
university-based trials, even though university-based studies reported an average of 0.10 
tooth loss per patient per year (95% CI: 0.06-0.14, p < 0.001) comparing to 0.08 (95% 
CI: 0.04-0.12, p < 0.001) in private-based studies. These results fully comply with the 
first systematic review (L. Chambrone et al., 2010), where university-based studies 
reported higher mean of tooth loss per patient when compared to private practice (1.8 
teeth per patient vs 1.4 teeth per patient, respectively). 
Compliance was not evaluated in this review as the aim was to assess risk factors for 
tooth loss among regular periodontal patients. Nevertheless, several studies reported an 
increased risk for tooth loss in non-compliant patients (Eickholz et al., 2008; Helal et 
al., 2019; Kim et al., 2014; Needleman et al., 2018). 
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Moreover, most studies reported similar protocols when approaching PM visits based 
on oral hygiene instructions and motivation, scaling and root planing, tooth polish, 
application of fluoride gel and periodontal surgery, if applied. Although, this variability 
represents a source of heterogeneity, as the results from surgical procedures performed 
before 1956 (Hirschfeld & Wasserman, 1978) cannot be compared with contemporary 
studies. 
An improvement in methodological quality was verified by the risk of bias evaluation, 
as only 8 studies were of moderate risk of bias and the remaining were considered as of 
high methodological quality. This improvement may enhance the results validity, 
sensitivity analyses did not demonstrate an influence by the methodological quality.  
Furthermore, the analysis on local and systemic factors influencing tooth loss (through 
meta-regressions) did not support an impact of effect size, however, studies only 
reporting baseline statuses instead of the progression of the patient’s status might have 
more research interest. 
Also, only three prospective studies were found eligible for this review and may pose an 
important methodological weakness to the validity of this study (L. Chambrone et al., 
2009, 2010; Needleman, 2002; Needleman et al., 2005), however meta-analytical 
synthesis did not find any significant difference between study designs. Nevertheless, 
we emphasize the need for more prospective trials of long-term follow-up. 
On the one hand, it is important to discuss the strengths of this study. This review 
included twenty-three new studies, and an additional number of 45,269 teeth, which 
represented an increase of 52.2% from the previous study, and 2845 new patients. 
Additionally, sensitivity analyses exploring the impact of retrospective data versus 
prospective data allow to assess the results according to the study design and type of 
periodontitis. Meta-analysis on prospective trials regarding mean tooth loss, percentage 
of tooth loss and diabetes impact were included, where both smoking and diabetes were 
identified as significant factors towards tooth loss during long-term PM. Also, private-
based, and university-based practices both demonstrate a positive effect in preventing 
tooth loss during PM. 
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On the other hand, some limitations must be outlined. The Newcastle-Ottawa Scale was 
initially developed to assess the risk of bias in case-control and prospective cohort 
studies, this scale was adapted by the previous review (L. Chambrone et al., 2010) to 
evaluate case series studies as most available information remains from retrospective 
studies. This, associated with high heterogeneity among studies, may represent a 
limitation for the outcomes of this study, as in these studies, the inclusion of patients is 
greatly selected. Furthermore, case definitions of periodontitis and PM follow-up period 
interval were not standardized, and direct comparisons were not allowed. Concerning 
retrospective studies, no overall value was expose in graphical estimates to clarify the 
difference of tooth loss in line to the tooth type (molar vs non-molar) and arch (maxilla 
vs mandible). Thereby all the estimates shall be heeded when interpreting the outcomes 
of this study. A 5-year minimum follow-up was maintained form the original review as 
it contributes to reduce heterogeneity strengthens these results considering, although, 
the risk of excluding data from suitable studies to perform meta-analysis. 
Only one randomized-controlled trial (RCT) was published since the first review, and 
although RCTs remain as high-quality studies, ethical issues arise from the use of 
placebo aiming to produce no therapeutic effect, as future RCTs may only compare 
different treatment modalities. Consequently, non-randomize studies will continue to be 
the trend. Ultimately, eight studies approached the concept of tooth prognosis (L. A. 
Chambrone & Chambrone, 2006; Eickholz et al., 2008; Ekuni et al., 2009; Graetz et al., 
2011; Hirschfeld & Wasserman, 1978; Kim et al., 2014; McLeod et al., 1997; Pretzl et 
al., 2008; Wood et al., 1989) as the initial tooth prognosis seems to be a difficult 
parameter to be compared between studies. Also, the term “hopeless tooth” is 
considered, to some extent, imprecise and has been disused in recently studies, with 
only three studies, since 2009, have implemented it (Ekuni et al., 2009; Graetz et al., 






Long-term PM was associated to an average loss of 0.1-0.2 tooth per patient per year. 
However, most patients did not experience tooth loss during PM. 
Patient-related (age, gender, active smoking, compliance regarding PM and diabetes) 
and tooth-related factors (tooth type, tooth location, baseline PPD, presence of furcation 
involvement and baseline mobility) favors tooth loss during long-term PM.  






V. FUTURE PRESPECTIVES 
 
This updated systematic review provided estimates mainly from retrospective studies. 
Case-control studies reporting results of daily practice may be of interest as well with, at 
least, a prospective point of view. For this reason, well-designed prospective cohort 
studies are required to validate which predictors are proven risk factors for tooth loss 
during PM.  
Also, these studies should focus on subgroup analysis according to the periodontitis 
diagnosis and influence of systemic conditions (e.g., diabetes, smoking and other 
relevant conditions) to the rate of tooth loss during regular PM. In all, these will allow 
more accurate evaluations and future comparisons in subsequent studies.  
The 2018 periodontitis case definition (Tonetti et al., 2018) shall be employed to 
improve standardization within studies. Also, baseline periodontal clinical variables 
were poorly reported and precluded additional analysis to understand the impact of the 
baseline status, and this should be further explored. 
  







Albuquerque, B. N., Cota, L. O. M., Lorentz, T. C. M., & Costa, F. O. (2018). 
Periodontal Maintenance Therapy in a Public University: A Six-Year Prospective 
Study. Journal of the International Academy of Periodontology, 20(4), 143–152. 
http://www.ncbi.nlm.nih.gov/pubmed/31522149 
AlJehani, Y. A. (2014). Risk Factors of Periodontal Disease: Review of the Literature. 
International Journal of Dentistry, 2014, 1–9. https://doi.org/10.1155/2014/182513 
American Academy of Periodontology. (1998). Supportive periodontal therapy (SPT). 
Journal of Periodontology, 69, 502–506. 
American Academy of Periodontology. (2001). Glossary of Periodontal Terms, 4th edn. 
(Vol. 67, Issue 2). The American Academy of Periodontology. 
https://doi.org/10.1902/jop.1996.67.2.177 
American Academy of Periodontology. (2011). Comprehensive Periodontal Therapy: A 
Statement by the American Academy of Periodontology. Journal of 
Periodontology, 82(7), 943–949. https://doi.org/10.1902/jop.2011.117001 
Armitage, G. C. (1999). Development of a Classification System for Periodontal 
Diseases and Conditions. Annals of Periodontology, 4(1), 1–6. 
https://doi.org/10.1902/annals.1999.4.1.1 
Armitage, G. C., & Xenoudi, P. (2016). Post-treatment supportive care for the natural 
dentition and dental implants. Periodontology 2000, 71(1), 164–184. 
https://doi.org/10.1111/prd.12122 
Baeza, M., Morales, A., Cisterna, C., Cavalla, F., Jara, G., Isamitt, Y., Pino, P., & 
Gamonal, J. (2020). Effect of periodontal treatment in patients with periodontitis 
and diabetes: systematic review and meta-analysis. Journal of Applied Oral 
Science, 28, 1–13. https://doi.org/10.1590/1678-7757-2019-0248 
Bao, X., Wiehe, R., Dommisch, H., & Schaefer, A. S. (2020). Entamoeba gingivalis 
Causes Oral Inflammation and Tissue Destruction. Journal of Dental Research, 
99(5), 561–567. https://doi.org/10.1177/0022034520901738 
Bäumer, A., Pretzl, B., Cosgarea, R., Kim, T., Reitmeir, P., Eickholz, P., & Dannewitz, 
B. (2011). Tooth loss in aggressive periodontitis after active periodontal therapy: 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 54 
patient-related and tooth-related prognostic factors. Journal of Clinical 
Periodontology, 38(7), 644–651. https://doi.org/10.1111/j.1600-
051X.2011.01733.x 
Botelho, J., Machado, V., Leira, Y., Proença, L., Chambrone, L., & Mendes, J. J. 
(2021). Economic burden of periodontitis in the United States and Europe – an 
updated estimation. Journal of Periodontology. https://doi.org/10.1002/JPER.21-
0111 
Botelho, J., Machado, V., Proença, L., Alves, R., Cavacas, M. A., Amaro, L., & 
Mendes, J. J. (2019). Study of Periodontal Health in Almada-Seixal (SoPHiAS): a 
cross-sectional study in the Lisbon Metropolitan Area. Scientific Reports, 9(1), 
15538. https://doi.org/10.1038/s41598-019-52116-6 
Botelho, J., Machado, V., Proença, L., Bellini, D. H., Chambrone, L., Alcoforado, G., & 
Mendes, J. J. (2020). The impact of nonsurgical periodontal treatment on oral 
health-related quality of life: a systematic review and meta-analysis. Clinical Oral 
Investigations, 24(2), 585–596. https://doi.org/10.1007/s00784-019-03188-1 
Brayer, W. K., Mellonig, J. T., Dunlap, R. M., Marinak, K. W., & Carson, R. E. (1989). 
Scaling and Root Planing Effectiveness: The Effect of Root Surface Access and 
Operator Experience. Journal of Periodontology, 60(1), 67–72. 
https://doi.org/10.1902/jop.1989.60.1.67 
Brecx, M. C., Gautschi, M., Gehr, P., & Lang, N. P. (1987). Variabilitv of histologic 
criteria in clinically healthy human gingiva. Journal of Periodontal Research, 22, 
468–472. 
Buset, S. L., Walter, C., Friedmann, A., Weiger, R., Borgnakke, W. S., & Zitzmann, N. 
U. (2016). Are periodontal diseases really silent? A systematic review of their 
effect on quality of life. Journal of Clinical Periodontology, 43(4), 333–344. 
https://doi.org/10.1111/jcpe.12517 
Caffesse, R. G., Sweeney, P. L., & Smith, B. A. (1986). Scaling and root planing with 
and without periodontal flap surgery. Journal of Clinical Periodontology, 13(3), 
205–210. https://doi.org/10.1111/j.1600-051X.1986.tb01461.x 
Caton, J. G., Armitage, G., Berglundh, T., Chapple, I. L. C., Jepsen, S., Kornman, K. S., 
Mealey, B. L., Papapanou, P. N., Sanz, M., & Tonetti, M. S. (2018). A new 
References 
 55 
classification scheme for periodontal and peri-implant diseases and conditions - 
Introduction and key changes from the 1999 classification. Journal of Clinical 
Periodontology, 45(Suppl. 20), S1–S8. https://doi.org/10.1111/jcpe.12935 
Chambrone, L. A., & Chambrone, L. (2006). Tooth loss in well-maintained patients 
with chronic periodontitis during long-term supportive therapy in Brazil. Journal 
of Clinical Periodontology, 33(10), 759–764. https://doi.org/10.1111/j.1600-
051X.2006.00972.x 
Chambrone, L., Chambrone, D., Lima, L. A., & Chambrone, L. A. (2010). Predictors of 
tooth loss during long-term periodontal maintenance: a systematic review of 
observational studies. Journal of Clinical Periodontology, 37(7), 675–684. 
https://doi.org/10.1111/j.1600-051X.2010.01587.x 
Chambrone, L., Lima, L. A., Pustiglioni, F. E., & Chambrone, L. A. (2009). Systematic 
review of periodontal plastic surgery in the treatment of multiple recession-type 
defects. Journal Canadian Dental Association, 75(3), 203a-203f. 
https://doi.org/10.1038/sj.bdj.2009.527 
Cirino, C., Vale, H., Casati, M., Sallum, E., Casarin, R., & Sallum, A. (2019). Clinical 
and Microbiological Evaluation of Surgical and Nonsurgical Treatment of 
Aggressive Periodontitis. Brazilian Dental Journal, 30(6), 577–586. 
https://doi.org/10.1590/0103-6440201902930 
Corbella, S., Veronesi, P., Galimberti, V., Weinstein, R., Del Fabbro, M., & Francetti, 
L. (2018). Is periodontitis a risk indicator for cancer? A meta-analysis. PLOS ONE, 
13(4), e0195683. https://doi.org/10.1371/journal.pone.0195683 
Costa, F. O., Lages, E. J. P., Cota, L. O. M., Lorentz, T. C. M., Soares, R. V., & 
Cortelli, J. R. (2014). Tooth loss in individuals under periodontal maintenance 
therapy: 5-year prospective study. Journal of Periodontal Research, 49(1), 121–
128. https://doi.org/10.1111/jre.12087 
D’Aiuto, F., Gkranias, N., Bhowruth, D., Khan, T., Orlandi, M., Suvan, J., Masi, S., 
Tsakos, G., Hurel, S., Hingorani, A. D., Donos, N., Deanfield, J. E., Lomax, A., 
Horvath, A., Zambon, R., Tay, S., Tatarakis, N., Spratt, D., Kingston, I., … Mellor, 
T. (2018). Systemic effects of periodontitis treatment in patients with type 2 
diabetes: a 12 month, single-centre, investigator-masked, randomised trial. The 
Lancet Diabetes & Endocrinology, 6(12), 954–965. https://doi.org/10.1016/S2213-




D’Aiuto, F., Nibali, L., Parkar, M., Patel, K., Suvan, J., & Donos, N. (2010). Oxidative 
Stress, Systemic Inflammation, and Severe Periodontitis. Journal of Dental 
Research, 89(11), 1241–1246. https://doi.org/10.1177/0022034510375830 
Dannewitz, B., Zeidler, A., Hüsing, J., Saure, D., Pfefferle, T., Eickholz, P., & Pretzl, B. 
(2016). Loss of molars in periodontally treated patients: results 10 years and more 
after active periodontal therapy. Journal of Clinical Periodontology, 43(1), 53–62. 
https://doi.org/10.1111/jcpe.12488 
Darveau, R. P. (2010). Periodontitis: a polymicrobial disruption of host homeostasis. 
Nature Reviews Microbiology, 8(7), 481–490. https://doi.org/10.1038/nrmicro2337 
De Beule, F., Alsaadi, G., Peric, M., & Brecx, M. (2017). Periodontal treatment and 
maintenance of molars affected with severe periodontitis (DPSI = 4): An up to 27-
year retrospective study in a private practice. Quintessence International, 48(5), 
391–405. https://doi.org/10.3290/j.qi.a38059 
De Wet, L. M., Slot, D. E., & Van der Weijden, G. A. (2018). Supportive periodontal 
treatment: Pocket depth changes and tooth loss. International Journal of Dental 
Hygiene, 0, 1–9. https://doi.org/10.1111/idh.12290 
Deas, D. E., Moritz, A. J., Sagun, R. S., Gruwell, S. F., & Powell, C. A. (2016). Scaling 
and root planing vs. conservative surgery in the treatment of chronic periodontitis. 
Periodontology 2000, 71(1), 128–139. https://doi.org/10.1111/prd.12114 
Díaz-Faes, L., Guerrero, A., Magán-Fernández, A., Bravo, M., & Mesa, F. (2016). 
Tooth loss and alveolar bone crest loss during supportive periodontal therapy in 
patients with generalized aggressive periodontitis: retrospective study with follow-
up of 8 to 15 years. Journal of Clinical Periodontology, 43(12), 1109–1115. 
https://doi.org/10.1111/jcpe.12596 
Donos, N. (2017). The periodontal pocket. Periodontology 2000, 0, 1–9. 
https://doi.org/10.1111/prd.12203 
Du, M., Bo, T., Kapellas, K., & Peres, M. A. (2018). Prediction models for the 
incidence and progression of periodontitis: A systematic review. Journal of 
Clinical Periodontology, 45(12), 1408–1420. https://doi.org/10.1111/jcpe.13037 
References 
 57 
Ebersole, J. L., Graves, C. L., Gonzalez, O. A., Dawson III, D., Morford, L. A., Huja, P. 
E., Hartsfield Jr, J. K., Huja, S. S., Pandruvada, S., & Wallet, S. M. (2016). Aging, 
inflammation, immunity and periodontal disease. Periodontology 2000, 72, 54–75. 
Echeverría, J. J., Manau, G. C., & Guerrero, A. (1996). Supportive care after active 
periodontal treatment. Journal of Clinical Periodontology, 23(10), 898–905. 
https://doi.org/10.1111/j.1600-051X.1996.tb00509.x 
Eickholz, P., Kaltschmitt, J., Berbig, J., Reitmeir, P., & Pretzl, B. (2008). Tooth loss 
after active periodontal therapy. 1: patient-related factors for risk, prognosis, and 
quality of outcome. Journal of Clinical Periodontology, 35(2), 165–174. 
https://doi.org/10.1111/j.1600-051X.2007.01184.x 
Eke, P., Wei, L., Thornton-Evans, G. O., Borrell, L. N., Borgnakke, W. S., Dye, B., & 
Genco, R. J. (2016). Risk Indicators for Periodontitis in US Adults: National 
Health and Nutrition Examination Survey (NHANES) 2009 - 2012. Journal of 
Periodontology, 87(10), 1174–1185. https://doi.org/10.1902/jop.2016.160013 
Ekuni, D., Yamamoto, T., & Takeuchi, N. (2009). Retrospective study of teeth with a 
poor prognosis following non-surgical periodontal treatment. Journal of Clinical 
Periodontology, 36(4), 343–348. https://doi.org/10.1111/j.1600-
051X.2009.01373.x 
Escalda, C., Botelho, J., Mendes, J. J., & Machado, V. (2021). Association of bacterial 
vaginosis with periodontitis in a cross-sectional American nationwide survey. 
Scientific Reports, 11(1), 1–9. https://doi.org/10.1038/s41598-020-79496-4 
Fardal, Ø., Grytten, J., Martin, J., Houlihan, C., & Heasman, P. (2016). Using 
prognostic factors from case series and cohort studies to identify individuals with 
poor long-term outcomes during periodontal maintenance. Journal of Clinical 
Periodontology, 43(9), 789–796. https://doi.org/10.1111/jcpe.12573 
Fardal, Ø., Johannessen, A. C., & Linden, G. J. (2004). Tooth loss during maintenance 
following periodontal treatment in a periodontal practice in Norway. Journal of 
Clinical Periodontology, 31(7), 550–555. https://doi.org/10.1111/j.1600-
051X.2004.00519.x 
Fischer, R., Lira Junior, R., Retamal-Valdes, B., Figueiredo, L., Malheiros, Z., Stewart, 
B., & Feres, M. (2020). Periodontal disease and its impact on general health in 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 58 
Latin America. Section V: Treatment of periodontitis. Brazilian Oral Research, 
34(suppl 1), 1–9. https://doi.org/10.1590/1807-3107bor-2020.vol34.0026 
Genco, R. J., & Borgnakke, W. S. (2013). Risk factors for periodontal disease. 
Periodontology 2000, 62(1), 59–94. https://doi.org/10.1111/j.1600-
0757.2012.00457.x 
Goh, V., Hackmack, P. P., Corbet, E. F., & Leung, W. K. (2017). Moderate- to long-
term periodontal outcomes of subjects failing to complete a course of periodontal 
therapy. Australian Dental Journal, 62(2), 152–160. 
https://doi.org/10.1111/adj.12440 
Graetz, C., Bäumer, A., Eickholz, P., Kocher, T., Petsos, H., Pretzl, B., Schwendicke, 
F., & Holtfreter, B. (2020). Long-term tooth retention in periodontitis patients in 
four German university centres. Journal of Dentistry, 94(February), 103307. 
https://doi.org/10.1016/j.jdent.2020.103307 
Graetz, C., Dörfer, C. E., Kahl, M., Kocher, T., El-Sayed, K. F., Wiebe, J., Gomer, K., 
& Rühling, A. (2011). Retention of questionable and hopeless teeth in compliant 
patients treated for aggressive periodontitis. Journal of Clinical Periodontology, 
38(8), 707–714. https://doi.org/10.1111/j.1600-051X.2011.01743.x 
Graetz, C., Plaumann, A., Schlattmann, P., Kahl, M., Springer, C., Sälzer, S., Gomer, 
K., Dörfer, C., & Schwendicke, F. (2017). Long-term tooth retention in chronic 
periodontitis - results after 18 years of a conservative periodontal treatment 
regimen in a university setting. Journal of Clinical Periodontology, 44(2), 169–
177. https://doi.org/10.1111/jcpe.12680 
Graetz, C., Sälzer, S., Plaumann, A., Schlattmann, P., Kahl, M., Springer, C., Dörfer, 
C., & Schwendicke, F. (2017). Tooth loss in generalized aggressive periodontitis: 
Prognostic factors after 17 years of supportive periodontal treatment. Journal of 
Clinical Periodontology, 44(6), 612–619. https://doi.org/10.1111/jcpe.12725 
Graetz, C., Schützhold, S., Plaumann, A., Kahl, M., Springer, C., Sälzer, S., Holtfreter, 
B., Kocher, T., Dörfer, C. E., & Schwendicke, F. (2015). Prognostic factors for the 
loss of molars - an 18-years retrospective cohort study. Journal of Clinical 
Periodontology, 42(10), 943–950. https://doi.org/10.1111/jcpe.12460 
Graziani, F., Karapetsa, D., Alonso, B., & Herrera, D. (2017). Nonsurgical and surgical 
References 
 59 
treatment of periodontitis: how many options for one disease? Periodontology 
2000, 75(1), 152–188. https://doi.org/10.1111/prd.12201 
Hajishengallis, G. (2015). Periodontitis: from microbial immune subversion to systemic 
inflammation. Nature Reviews Immunology, 15(1), 30–44. 
https://doi.org/10.1038/nri3785 
Hajishengallis, G., & Chavakis, T. (2021). Local and systemic mechanisms linking 
periodontal disease and inflammatory comorbidities. Nature Reviews Immunology, 
21(7), 426–440. https://doi.org/10.1038/s41577-020-00488-6 
Hajishengallis, G., & Lamont, R. J. (2012). Beyond the red complex and into more 
complexity: the polymicrobial synergy and dysbiosis (PSD) model of periodontal 
disease etiology. Molecular Oral Microbiology, 27(6), 409–419. 
https://doi.org/10.1111/j.2041-1014.2012.00663.x 
Heitz-Mayfield, L. J. A. (2005). Disease progression: Identification of high-risk groups 
and individuals for periodontitis. Journal of Clinical Periodontology, 32(Suppl. 6), 
196–209. https://doi.org/10.1111/j.1600-051X.2005.00803.x 
Heitz-Mayfield, L. J. A., & Lang, N. P. (2013). Surgical and nonsurgical periodontal 
therapy. Learned and unlearned concepts. Periodontology 2000, 62(1), 218–231. 
https://doi.org/10.1111/prd.12008 
Heitz-Mayfield, L. J. A., Trombelli, L., Heitz, F., Needleman, I., & Moles, D. (2002). A 
systematic review of the effect of surgical debridement vs. non-surgical 
debridement for the treatment of chronic periodontitis. Journal of Clinical 
Periodontology, 29(Suppl. 3), 92–102. https://doi.org/10.1034/j.1600-
051X.29.s3.5.x 
Helal, O., Göstemeyer, G., Krois, J., Fawzy El Sayed, K., Graetz, C., & Schwendicke, 
F. (2019). Predictors for tooth loss in periodontitis patients: Systematic review and 
meta‐analysis. Journal of Clinical Periodontology, 46(7), 699–712. 
https://doi.org/10.1111/jcpe.13118 
Highfield, J. (2009). Diagnosis and classification of periodontal disease. Australian 
Dental Journal, 54(Suppl. 1), S11–S26. https://doi.org/10.1111/j.1834-
7819.2009.01140.x 
Hirschfeld, L., & Wasserman, B. (1978). A Long-Term Survey of Tooth Loss in 600 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 60 
Treated Periodontal Patients. Journal of Periodontology, 49(5), 225–237. 
https://doi.org/10.1902/jop.1978.49.5.225 
Hussain, S. B., Botelho, J., Machado, V., Zehra, S. A., Mendes, J. J., Ciurtin, C., 
Orlandi, M., & D’Aiuto, F. (2020). Is there a bidirectional association between 
rheumatoid arthritis and periodontitis? A systematic review and meta-analysis. 
Seminars in Arthritis and Rheumatism, 50(3), 414–422. 
https://doi.org/10.1016/j.semarthrit.2020.01.009 
Huynh-Ba, G., Kuonen, P., Hofer, D., Schmid, J., Lang, N. P., & Salvi, G. E. (2009). 
The effect of periodontal therapy on the survival rate and incidence of 
complications of multirooted teeth with furcation involvement after an observation 
period of at least 5 years: a systematic review. Journal of Clinical Periodontology, 
36(2), 164–176. https://doi.org/10.1111/j.1600-051X.2008.01358.x 
Jansson, L., & Lagervall, M. (2008). Periodontitis progression in patietns subjected to 
supportive maintenance care. Swedish Dental Journal, 32(3), 105–113. 
Johansson, K. J., Johansson, C. S., & Ravald, N. (2013). The prevalence and alterations 
of furcation involvements 13 to 16 years after periodontal treatment. Swedish 
Dental Journal, 37(2), 87–95. 
Kassebaum, N. J., Bernabé, E., Dahiya, M., Bhandari, B., Murray, C. J. L., & Marcenes, 
W. (2014). Global Burden of Severe Periodontitis in 1990-2010: A Systematic 
Review and Meta-regression. Journal of Dental Research, 93(11), 1045–1053. 
https://doi.org/10.1177/0022034514552491 
Kim, S., Lee, J., Chang, B., & Um, H. (2014). Effect of supportive periodontal therapy 
on the prevention of tooth loss in Korean adults. Journal of Periodontal & Implant 
Science, 44(2), 65–70. https://doi.org/10.5051/jpis.2014.44.2.65 
König, J., Plagmann, H. C., Rühling, A., & Kocher, T. (2002). Tooth loss and pocket 
probing depths in compliant periodontally treated patients: A retrospective 
analysis. Journal of Clinical Periodontology, 29(12), 1092–1100. 
https://doi.org/10.1034/j.1600-051X.2002.291208.x 
Lamont, T., Worthington, H. V., Clarkson, J. E., & Beirne, P. V. (2018). Routine scale 
and polish for periodontal health in adults. Cochrane Database of Systematic 
Reviews, 2018(12). https://doi.org/10.1002/14651858.CD004625.pub5 
References 
 61 
Lang, N. ., & Tonetti, M. S. (2003). Periodontal risk assessment (PRA) for patients in 
supportive periodontal therapy (SPT). Oral Health & Preventive Dentistry, 1(1), 
7–16. https://doi.org/10.3290/j.ohpd.a8216 
Lang, N. P., Schätzle, M. A., & Löe, H. (2009). Gingivitis as a risk factor in periodontal 
disease. Journal of Clinical Periodontology, 36(Suppl. 10), 3–8. 
https://doi.org/10.1111/j.1600-051X.2009.01415.x 
Lang, N. P., Suvan, J. E., & Tonetti, M. S. (2015). Risk factor assessment tools for the 
prevention of periodontitis progression a systematic review. Journal of Clinical 
Periodontology, 42(S16), S59–S70. https://doi.org/10.1111/jcpe.12350 
Leininger, M., Tenenbaum, H., & Davideau, J.-L. (2010). Modified periodontal risk 
assessment score: long-term predictive value of treatment outcomes. A 
retrospective study. Journal of Clinical Periodontology, 37(5), 427–435. 
https://doi.org/10.1111/j.1600-051X.2010.01553.x 
Leite, F. R. M., Nascimento, G. G., Scheutz, F., & López, R. (2018). Effect of Smoking 
on Periodontitis: A Systematic Review and Meta-regression. American Journal of 
Preventive Medicine, 54(6), 831–841. 
https://doi.org/10.1016/j.amepre.2018.02.014 
Loos, B. G., & Needleman, I. (2020). Endpoints of active periodontal therapy. Journal 
of Clinical Periodontology, 47(S22), 61–71. https://doi.org/10.1111/jcpe.13253 
Machado, V., Botelho, J., Escalda, C., Hussain, S. B., Luthra, S., Mascarenhas, P., 
Orlandi, M., Mendes, J. J., & D’Aiuto, F. (2021). Serum C-Reactive Protein and 
Periodontitis: A Systematic Review and Meta-Analysis. Frontiers in Immunology, 
12(July), 1–10. https://doi.org/10.3389/fimmu.2021.706432 
Machado, V., Carvalho, R., Mendes, J. J., & Botelho, J. (2020). The Ubiquitin 
Proteasome System in Periodontal Disease: A Comprehensive Review. Frontiers 
in Dental Medicine, 1(December), 1–9. 
https://doi.org/10.3389/fdmed.2020.613080 
Machado, V., Escalda, C., Proença, L., Mendes, J. J., & Botelho, J. (2020). Is There a 
Bidirectional Association between Polycystic Ovarian Syndrome and 
Periodontitis? A Systematic Review and Meta-analysis. Journal of Clinical 
Medicine, 9(6), 1961. https://doi.org/10.3390/jcm9061961 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 62 
Madianos, P. N., & Koromantzos, P. A. (2018). An update of the evidence on the 
potential impact of periodontal therapy on diabetes outcomes. Journal of Clinical 
Periodontology, 45(2), 188–195. https://doi.org/10.1111/jcpe.12836 
Manresa, C., Sanz-Miralles, E. C., Twigg, J., & Bravo, M. (2018). Supportive 
periodontal therapy (SPT) for maintaining the dentition in adults treated for 
periodontitis. Cochrane Database of Systematic Reviews, 24(9), 450–451. 
https://doi.org/10.1002/14651858.CD009376.pub2 
Marcenes, W., Kassebaum, N. J., Bernabé, E., Flaxman, A., Naghavi, M., Lopez, A., & 
Murray, C. J. L. (2013). Global Burden of Oral Conditions in 1990-2010: A 
Systematic Analysis. Journal of Dental Research, 92(7), 592–597. 
https://doi.org/10.1177/0022034513490168 
Marouf, N., Cai, W., Said, K. N., Daas, H., Diab, H., Chinta, V. R., Hssain, A. A., 
Nicolau, B., Sanz, M., & Tamimi, F. (2021). Association between periodontitis and 
severity of COVID‐19 infection: A case–control study. Journal of Clinical 
Periodontology, 00, 1–9. https://doi.org/10.1111/jcpe.13435 
Marsh, P. D. (1994). Microbial Ecology of Dental Plaque and its Significance in Health 
and Disease. Advances in Dental Research, 8(2), 263–271. 
https://doi.org/10.1177/08959374940080022001 
Marsh, P. D. (2004). Dental Plaque as a Microbial Biofilm. Caries Research, 38(3), 
204–211. https://doi.org/10.1159/000077756 
Matthews, D. C., Smith, C. G., & Hanscom, S. L. (2001). Tooth loss in periodontal 
patients. Journal of the Canadian Dental Association, 67(4), 207–210. 
McFall, W. T. (1982). Tooth Loss in 100 Treated Patients With Periodontal Disease: A 
Long-Term Study. Journal of Periodontology, 53(9), 539–549. 
https://doi.org/10.1902/jop.1982.53.9.539 
McGuire, M. K. (1991). Prognosis Versus Actual Outcome: A Long-Term Survey of 
100 Treated Periodontal Patients Under Maintenance Care. Journal of 
Periodontology, 62(1), 51–58. https://doi.org/10.1902/jop.1991.62.1.51 
McLeod, D. E., Lainson, P. A., & Spivey, J. D. (1997). The Effectiveness of 
Periodontal Treatment as Measured by Tooth Loss. The Journal of the American 




Meyer-Bäumer, A., Pritsch, M., Cosgarea, R., El Sayed, N., Kim, T.-S., Eickholz, P., & 
Pretzl, B. (2012). Prognostic value of the periodontal risk assessment in patients 
with aggressive periodontitis. Journal of Clinical Periodontology, 39(7), 651–658. 
https://doi.org/10.1111/j.1600-051X.2012.01895.x 
Meyle, J., & Chapple, I. (2015). Molecular aspects of the pathogenesis of periodontitis. 
Periodontology 2000, 69(1), 7–17. https://doi.org/10.1111/prd.12104 
Miller, K. A. F. S., Branco-de-Almeida, L. S., Wolf, S., Hovencamp, N., Treloar, T., 
Harrison, P., Aukhil, I., Gong, Y., & Shaddox, L. M. (2017). Long-term clinical 
response to treatment and maintenance of localized aggressive periodontitis: a 
cohort study. Journal of Clinical Periodontology, 44(2), 158–168. 
https://doi.org/10.1111/jcpe.12640 
Miyamoto, T., Kumagai, T., Lang, M. S., & Nunn, M. E. (2010). Compliance as a 
Prognostic Indicator. II. Impact of Patient’s Compliance to the Individual Tooth 
Survival. Journal of Periodontology, 81(9), 1280–1288. 
https://doi.org/10.1902/jop.2010.100039 
Muñoz Aguilera, E., Suvan, J., Buti, J., Czesnikiewicz-Guzik, M., Barbosa Ribeiro, A., 
Orlandi, M., Guzik, T. J., Hingorani, A. D., Nart, J., & D’Aiuto, F. (2020). 
Periodontitis is associated with hypertension: a systematic review and meta-
analysis. Cardiovascular Research, 116(1), 28–39. 
https://doi.org/10.1093/cvr/cvz201 
Nascimento, G. G., Leite, F. R. M., Vestergaard, P., Scheutz, F., & López, R. (2018). 
Does diabetes increase the risk of periodontitis? A systematic review and meta-
regression analysis of longitudinal prospective studies. Acta Diabetologica, 55(7), 
653–667. https://doi.org/10.1007/s00592-018-1120-4 
Nazir, M. A. (2017). Prevalence of periodontal disease, its association with systemic 
diseases and prevention. International Journal of Health Sciences, 1(2), 72–80. 
http://www.ncbi.nlm.nih.gov/pubmed/28539867%0Ahttp://www.pubmedcentral.ni
h.gov/articlerender.fcgi?artid=PMC5426403 
Needleman, I. (2002). A guide to systematic reviews. Journal of Clinical 
Periodontology, 29(Suppl. 3), 6–9. https://doi.org/10.1034/j.1600-051X.29.s3.15.x 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 64 
Needleman, I., Garcia, R., Gkranias, N., Kirkwood, K. L., Kocher, T., Iorio, A. D., 
Moreno, F., & Petrie, A. (2018). Mean annual attachment, bone level, and tooth 
loss: A systematic review. Journal of Clinical Periodontology, 45(Suppl 20), 
S112–S129. https://doi.org/10.1111/jcpe.12943 
Needleman, I., McGrath, C., Floyd, P., & Biddle, A. (2004). Impact of oral health on 
the life quality of periodontal patients. Journal of Clinical Periodontology, 31(6), 
454–457. https://doi.org/10.1111/j.1600-051X.2004.00498.x 
Needleman, I., Moles, D. R., & Worthington, H. (2005). Evidence-based 
periodontology, systematic reviews and research quality. Periodontology 2000, 
37(1), 12–28. https://doi.org/10.1111/j.1600-0757.2004.37100.x 
Ng, M. C., Ong, M. M., Lim, L. P., Koh, C. G., & Chan, Y. H. (2011). Tooth loss in 
compliant and non-compliant periodontally treated patients: 7 years after active 
periodontal therapy. Journal of Clinical Periodontology, 38(5), 499–508. 
https://doi.org/10.1111/j.1600-051X.2011.01708.x 
Nibali, L. (2017). Development of the gingival sulcus at the time of tooth eruption and 
the influence of genetic factors. Periodontology 2000, 0(1), 1–8. 
https://doi.org/10.1111/prd.12158 
Nibali, L., Sun, C., Akcalı, A., Meng, X., Tu, Y., & Donos, N. (2017). A retrospective 
study on periodontal disease progression in private practice. Journal of Clinical 
Periodontology, 44(3), 290–297. https://doi.org/10.1111/jcpe.12653 
Nibali, L., Sun, C., Akcalı, A., Yeh, Y., Tu, Y., & Donos, N. (2018). The effect of 
horizontal and vertical furcation involvement on molar survival: A retrospective 
study. Journal of Clinical Periodontology, 45(3), 373–381. 
https://doi.org/10.1111/jcpe.12850 
Page, R. C., & Kornman, K. S. (1997). The pathogenesis of human periodontitis: an 
introduction. Periodontology 2000, 14, 9–11. https://doi.org/10.1111/j.1600-
0757.1997.tb00189.x 
Papantonopoulos, G. H. (2004). Effect of Periodontal Therapy in Smokers and Non-
Smokers With Advanced Periodontal Disease: Results After Maintenance Therapy 




Papapanou, P. N., Sanz, M., Buduneli, N., Dietrich, T., Feres, M., Fine, D. H., Flemmig, 
T. F., Garcia, R., Giannobile, W. V., Graziani, F., Greenwell, H., Herrera, D., Kao, 
R. T., Kebschull, M., Kinane, D. F., Kirkwood, K. L., Kocher, T., Kornman, K. S., 
Kumar, P. S., … Tonetti, M. S. (2018). Periodontitis: Consensus report of 
workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and 
Peri-Implant Diseases and Conditions. Journal of Clinical Periodontology, 
45(Suppl 20), S162–S170. https://doi.org/10.1111/jcpe.12946 
Pihlstrom, B. (1992). Issues in the evaluation of clinical trials of periodontitis: A 
clinical perspective. Journal of Periodontal Research, 27, 433–441. 
Preshaw, P. M., Alba, A. L., Herrera, D., Jepsen, S., Konstantinidis, A., Makrilakis, K., 
& Taylor, R. (2012). Periodontitis and diabetes: a two-way relationship. 
Diabetologia, 55(1), 21–31. https://doi.org/10.1007/s00125-011-2342-y 
Pretzl, B., El Sayed, S., Weber, D., Eickholz, P., & Bäumer, A. (2018). Tooth loss in 
periodontally compromised patients: Results 20 years after active periodontal 
therapy. Journal of Clinical Periodontology, 45(11), 1356–1364. 
https://doi.org/10.1111/jcpe.13010 
Pretzl, B., Kaltschmitt, J., Kim, T., Reitmeir, P., & Eickholz, P. (2008). Tooth loss after 
active periodontal therapy. 2: tooth-related factors. Journal of Clinical 
Periodontology, 35(2), 175–182. https://doi.org/10.1111/j.1600-
051X.2007.01182.x 
Preus, H. R., Gjermo, P., & Baelum, V. (2017). A double-masked Randomized Clinical 
Trial (RCT) comparing four periodontitis treatment strategies: 5-year clinical 
results. Journal of Clinical Periodontology, 44(10), 1029–1038. 
https://doi.org/10.1111/jcpe.12793 
Quirynen, M., Bollen, C. M. L., Vandekerckhove, B. N. A., Dekeyser, C., Papaioannou, 
W., & Eyssen, H. (1995). Full- vs. Partial-mouth Disinfection in the Treatment of 
Periodontal Infections: Short-term Clinical and Microbiological Observations. 
Journal of Dental Research, 74(8), 1459–1467. 
https://doi.org/10.1177/00220345950740080501 
Ramseier, C. A., Mirra, D., Schütz, C., Sculean, A., Lang, N. P., Walter, C., & Salvi, G. 
E. (2015). Bleeding on Probing as it relates to smoking status in patients enrolled 
in supportive periodontal therapy for at least 5 years. Journal of Clinical 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 66 
Periodontology, 42(2), 150–159. https://doi.org/10.1111/jcpe.12344 
Ramseier, C. A., Nydegger, M., Walter, C., Fischer, G., Sculean, A., Lang, N. P., & 
Salvi, G. E. (2019). Time between recall visits and residual probing depths predict 
long‐term stability in patients enrolled in supportive periodontal therapy. Journal 
of Clinical Periodontology, 46(2), 218–230. https://doi.org/10.1111/jcpe.13041 
Ramseier, C. A., Suvan, J. E., & Catley, D. (2015). Motivational Interviewing. In N. P. 
Lang & J. Lindhe (Eds.), Clinical Periodontology and Implant Dentistry (Sixth 
Edit, pp. 663–676). John Wiley & Sons, Ltd. 
Ravald, N., & Johansson, C. S. (2012). Tooth loss in periodontally treated patients. A 
long-term study of periodontal disease and root caries. Journal of Clinical 
Periodontology, 39(1), 73–79. https://doi.org/10.1111/j.1600-051X.2011.01811.x 
Ravidà, A., Qazi, M., Troiano, G., Saleh, M. H. A., Greenwell, H., Kornman, K., & 
Wang, H. (2019). Using periodontal staging and grading system as a prognostic 
factor for future tooth loss: A long‐term retrospective study. Journal of 
Periodontology, 1–8. https://doi.org/10.1002/JPER.19-0390 
Renvert, S., & Persson, G. R. (2016). Treatment of periodontal disease in older adults. 
Periodontology 2000, 72(1), 108–119. https://doi.org/10.1111/prd.12130 
Salvi, G. E., Lindhe, J., & Lang, N. P. (2015). Treatment Planning of Patients with 
Periodontal Diseases. In N. P. Lang & J. Lindhe (Eds.), Clinical Periodontology 
and Implant Dentistry (Sixth Edit, pp. 621–640). John Wiley & Sons, Ltd. 
Saminsky, M., Halperin-Sternfeld, M., Machtei, E. E., & Horwitz, J. (2015). Variables 
affecting tooth survival and changes in probing depth: a long-term follow-up of 
periodontitis patients. Journal of Clinical Periodontology, 42(6), 513–519. 
https://doi.org/10.1111/jcpe.12419 
Santos, F., Beato, F., Machado, V., Proença, L., Mendes, J. J., & Botelho, J. (2021). 
Early Tooth Loss after Periodontal Diagnosis: Development and Validation of a 
Clinical Decision Model. International Journal of Environmental Research and 
Public Health, 18(3), 1–10. https://doi.org/10.3390/ijerph18031363 
Sanz, M., Herrera, D., Kebschull, M., Chapple, I., Jepsen, S., Berglundh, T., Sculean, 
A., Tonetti, M. S., Merete Aass, A., Aimetti, M., Kuru, B. E., Belibasakis, G., 
Blanco, J., Bol‐van den Hil, E., Bostanci, N., Bozic, D., Bouchard, P., Buduneli, 
References 
 67 
N., Cairo, F., … Wennström, J. (2020). Treatment of stage I–III periodontitis—The 
EFP S3 level clinical practice guideline. Journal of Clinical Periodontology, 47, 4–
60. https://doi.org/10.1111/jcpe.13290 
Sanz, M., & Kornman, K. (2013). Periodontitis and adverse pregnancy outcomes: 
consensus report of the Joint EFP/AAP Workshop on Periodontitis and Systemic 
Diseases. Journal of Periodontology, 84(Suppl 4), S164–S169. 
https://doi.org/10.1902/jop.2013.1340016 
Seirafi, A., Ebrahimi, R., Golkari, A., Khosropanah, H., & Soolari, A. (2014). Tooth 
loss assessment during periodontal maintenance in erratic versus complete 
compliance in a periodontal private practice in Shiraz, Iran: a 10-year retrospective 
study. Journal of the International Academy of Periodontology, 16(2), 43–49. 
http://www.ncbi.nlm.nih.gov/pubmed/24844027 
Simpson, T. C., Weldon, J. C., Worthington, H. V., Needleman, I., Wild, S. H., Moles, 
D. R., Stevenson, B., Furness, S., & Iheozor-Ejiofor, Z. (2015). Treatment of 
periodontal disease for glycaemic control in people with diabetes mellitus. 
Cochrane Database of Systematic Reviews, 11. 
https://doi.org/10.1002/14651858.CD004714.pub3 
Slots, J. (2017). Periodontitis: facts, fallacies and the future. Periodontology 2000, 
75(1), 7–23. https://doi.org/10.1111/prd.12221 
Socransky, S. S., & Haffajee, A. D. (2002). Dental biofilms: difficult therapeutci 
targets. Periodontology 2000, 28, 12–55. 
http://www.ncbi.nlm.nih.gov/pubmed/21128362 
Stabholz, A., Soskolne, W. A., & Shapira, L. (2010). Genetic and environmental risk 
factors for chronic periodontitis and aggressive periodontitis. Periodontology 2000, 
53(1), 138–153. https://doi.org/10.1111/j.1600-0757.2010.00340.x 
Tonetti, M. S., D’Aiuto, F., Nibali, L., Donald, A., Storry, C., Parkar, M., Suvan, J., 
Hingorani, A. D., Vallance, P., & Deanfield, J. (2007). Treatment of Periodontitis 
and Endothelial Function. New England Journal of Medicine, 356(9), 911–920. 
https://doi.org/10.1056/NEJMoa063186 
Tonetti, M. S., Greenwell, H., & Kornman, K. S. (2018). Staging and grading of 
periodontitis: Framework and proposal of a new classification and case definition. 
Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 68 
Journal of Periodontology, 89(Suppl 1), S159–S172. 
https://doi.org/10.1002/JPER.18-0006 
Tonetti, M. S., Muller-Campanile, V., & Lang, N. P. (1998). Changes in the prevalence 
of residual pockets and tooth loss in treated periodontal patients during a 
supportive maintenance care program. Journal of Clinical Periodontology, 25(12), 
1008–1016. https://doi.org/10.1111/j.1600-051X.1998.tb02406.x 
Tonetti, M. S., & Sanz, M. (2019). Implementation of the new classification of 
periodontal diseases: Decision‐making algorithms for clinical practice and 
education. Journal of Clinical Periodontology, 46(4), 398–405. 
https://doi.org/10.1111/jcpe.13104 
Tonetti, M. S., Steffen, P., Muller-Campanile, V., Suvan, J., & Lang, N. P. (2000). 
Initial extractions and tooth loss during supportive care in a periodontal population 
seeking comprehensive care. Journal of Clinical Periodontology, 27(11), 824–831. 
https://doi.org/10.1034/j.1600-051x.2000.027011824.x 
Trombelli, L., Franceschetti, G., & Farina, R. (2015). Effect of professional mechanical 
plaque removal performed on a long-term, routine basis in the secondary 
prevention of periodontitis: a systematic review. Journal of Clinical 
Periodontology, 42(Suppl. 16), S221–S236. https://doi.org/10.1111/jcpe.12339 
Tsami, A., Pepelassi, E., Kodovazenitis, G., & Komboll, M. (2009). Parameters 
affecting tooth loss during periodontal maintenance in a Greek population. Journal 
of the American Dental Association, 140(9), 1100–1107. 
https://doi.org/10.14219/jada.archive.2009.0336 
Ushida, Y., Koshy, G., Kawashima, Y., Kiji, M., Umeda, M., Nitta, H., Nagasawa, T., 
Ishikawa, I., & Izumi, Y. (2008). Changes in serum interleukin-6, C-reactive 
protein and thrombomodulin levels under periodontal ultrasonic debridement. 
Journal of Clinical Periodontology, 35(11), 969–975. 
https://doi.org/10.1111/j.1600-051X.2008.01316.x 
Van der Weijden, G. A., & Timmerman, M. F. (2002). A systematic review on the 
clinical efficacy of subgingival debridement in the treatment of chronic 




Van Dyke, T. E., & Sheilesh, D. (2005). Risk factors for periodontitis. Journal of the 
International Academy of Periodontology, 7(1), 3–7. 
http://www.ncbi.nlm.nih.gov/pubmed/15736889 
Weinmann, J. P. (1952). Periodontitis: etiology, pathology, symptomatology. Journal of 
the American Dental Association, 44(6), 701–705. 
https://doi.org/10.14219/jada.archive.1952.0120 
Wood, W. R., Greco, G. W., & McFall, W. T. (1989). Tooth Loss in Patients With 
Moderate Periodontitis After Treatment and Long–Term Maintenance Care. 














Predictors of tooth loss during long-term periodontal maintenance: An updated systematic review 
 
 
 
